Background: Raptor distributions and abundances are poorly known in southern Brazil. Given that raptors have low population densities, methods typically applied to census birds are usually inappropriate for surveying raptors. Roadside surveys allow large areas to be searched at a relatively low cost and are often applied to count raptors. We conducted eight paired roadside surveys (roadside point transects and roadside strip transects of 54.5~58.6 km long) to assess the species richness and abundance of raptors in two grassland landscapes of southern Brazil and to compare results of the two methods. −1 · h −1 ). No significant differences were found in relation to species richness, although five species were exclusively recorded with point transects versus one with strip transects. Conclusions: Roadside point transects may reduce bias due to differences in species detection caused by habitat features and in abundance estimates resulting from survey habitat being disproportional to their availability. Point counts may enhance the quality of the search for raptors in a surveyed area, increasing the detection probability. The choice of survey method depends on the objectives of the study, but our results favor the use of point transects rather than strip transects to survey raptors in open landscapes.
Background
Brazil has 75 raptor species (CBRO 2011 ) that comprise 82% of those known for South America (Remsen et al. 2012) . Few studies of raptors have been done in South America (Bierregaard 1995 (Bierregaard , 1998 , and as a result, many species are poorly known. In recent years, studies were published describing nests and breeding biology (e.g., Zilio and Mendonça-Lima 2012), diet (e.g., Scheibler 2007) , taxonomy (e.g., Amaral et al. 2009 ), migration (e.g., Cabanne and Seipke 2005) , and distribution (e.g., Mendonça-Lima et al. 2006; Meller and Bencke 2012) , but much of the information comes from short-term studies or opportunistic observations. Data at the assemblage level (e.g., distributions, abundances, and habitat associations) are scarce and were usually collected in short-term studies (Azevedo et al. 2003; Mañosa et al. 2003; Loures-Ribeiro and Anjos 2006; Alencar-Carvalho and Marini 2007; Salvador-Jr and Silva 2009) .
Although species occurrences and distributions in Rio Grande do Sul were well summarized in the work of Belton (1984) in the 1970s and through additional records (Krügel 2003; Albuquerque et al. 2006 ; Barcellos and Accordi 2006; Joenck 2006; Joenck and Azevedo 2006; Mendonça-Lima et al. 2006; Meller and Bencke 2012) , data regarding abundances are scattered, being found primarily in general bird surveys. Exceptions are the works by Albuquerque et al. (1986) along the southern coast, the first systematic survey done in the state, Petersen et al. (2011) in the northeastern part of the state, Meller (2011) at Turvo State Park in the northwestern area, and in southern Brazil and Uruguay. Given the relative scarcity of systematic surveys of raptors and their importance as indicators of habitat quality and biodiversity (Sergio et al. 2006 (Sergio et al. , 2008 , our goal was to describe the assemblages of raptors in two grassland landscapes in Rio Grande do Sul.
The study was conducted on the South Brazilian Plateau in the northeastern region of the state and on the coastal plain ( Figure 1 ). Altitudinal grasslands cover 13,740 km 2 of the South Brazilian Plateau, mostly in the Brazilian states of Rio Grande do Sul and Santa Catarina (Overbeck et al. 2007 ). This region is characterized by the highest elevations in southern Brazil (up to 1,800 m) in addition to a subtropical climate, with warm summers, cold winters (with the formation of frost), and the absence of a dry season. The grassland dominates the upper parts, on hilltops, forming mosaics with Araucaria forests, which are patchily distributed. Forest habitats prevail on hill and river slopes. Several regionally threatened bird species have only recently been recorded in this region (Bencke et al. 2003) , which has three of the 14 important bird areas (IBAs) identified in Rio Grande do Sul (Bencke et al. 2006) . The coastal plain is an extended (620 km) and wide (up to 100 km) physiographic territory, covering 33,000 km 2 of Rio Grande do Sul (Tomazelli et al. 2000) . This large lowland contains numerous water bodies, some rather large, such as the Patos Lagoon, with an area of 10,000 km 2 (Tomazelli et al. 2000) . The climate of this region is subtropical and very wet, and it lacks a dry season. Grass vegetation types dominate the landscape with patches of forest remnants (gallery forests and palm savannahs). Lagoa do Peixe National Park, a RAMSAR site (http://www.ramsar.org), and three more IBAs (Bencke et al. 2006) are located along the coast of Rio Grande do Sul.
Roadside surveys are often applied to count raptors (see Andersen 2007 and references therein) . Roads are features of most landscapes, and surveys conducted along them allow the exploration of large areas at a relatively low cost. Despite the bias associated with road surveys (e.g., Fuller and Mosher 1987; Millsap and LeFranc 1988; Austin et al. 2000) , roadsides can be useful to describe assemblage compositions, species distributions and abundances, and habitat preferences (Fuller and Mosher 1987; Andersen 2007) . Strip/line transects (surveying an area which includes both sides of a transect line, as the observer moves in a specific direction; Ralph 1981) and point transects (recording detections at static points along a sample trip at regular intervals) are the most common methods to survey raptors in open areas. Both are used to count birds and, in this context, have been the subject of debate and improvements (e.g., Ralph and Scott 1981; Rosenstock et al. 2002; Thompson 2002; Alldredge et al. 2008; Buckland et al. 2008) . However, seeing that there is no study comparing how these techniques work when surveying raptors, we conducted paired roadside surveys to analyze the performance of each method in detecting raptor richness and abundance in open landscapes in southern Brazil. We hypothesized that roadside point transects would be better than strip/ line transects when surveying raptors in grasslands since fixed-point counts are better than transects when surveying forest raptors (Whitacre and Turley 1990) .
Methods

Raptor surveys
Raptor assemblages were surveyed along four routes in July 2009 and March 2010 (Figure 1 ). Each route was surveyed using two methods (a roadside point transect and a roadside strip transect) totaling 16 raptor surveys (four paired surveys per month). Each paired survey was carried out on consecutive days, or with a week interval between them, under similar weather conditions (e.g., cloud cover and wind speed) to minimize bias in the probability of detection of raptors caused by abiotic characteristics (e.g., traffic and weather). Survey routes were placed on double-lane paved roads (ca. 9 m wide, with traffic density at ca. 75 vehicles per hour; F Zilio personal observation). Surveys were conducted on sunny days with <60% cloud cover and wind speeds of <20 km/h. No surveys were performed during rainy or foggy periods. Binoculars (10 × 42) and a 20~60× spotting scope were used to identify the raptors sighted.
Roadside point transects
Each route consisted of 10 sample points at least 5 km apart (a mean distance between points of 5.57 km and a range of 5.00~8.49 km). Each sample point was surveyed for 30 min (with a total effort/route of 5 h) by one experienced observer. All raptors seen or heard were tallied within a 1-km radius (in a single-point sampled area of 3.14 km 2 and a transect sampled area of 31.4 km 2 ). Before beginning each survey at a given point, distances of several structures inside the sample area (e.g., forest stands, buildings, and poles) were taken with laser rangefinder binoculars. This helped define the sample area (with a 1-km radius) in addition to preventing the counting of raptors outside the area. In order to avoid double counting, the sampled area was divided into eight sections, and all raptors recorded were plotted on a sketch. Furthermore, the time and when possible, the behavior (e.g., hunting, perched, or soaring), gender, age, color morph, molting, and natural marks were noted to ensure that individuals were not tabulated more than once. For gregarious raptors (e.g., New World vultures), the maximum number of individuals recorded at the same time (in one or more flocks) was assumed to be the minimum number of individuals at the sample point. Surveys began about 2 h after local sunrise (at about 0630 hours in summer and 0715 hours in winter) and lasted for about 6.5 h (mean, 6.67 h; range, 6.08~7.25 h). 
Roadside strip transects
Two observers, one in the front seat and another in the back seat, and a driver (also responsible for keeping records) carried out the roadside strip transect surveys. Raptors were counted from a four-door vehicle driven at a low speed (10~40 km/h). Only a few cases required the team to stop the vehicle to confirm an identification; however, no other raptors were recorded during such stops. All raptors seen or heard within 1 km on both sides of the road were tallied (with a mean transect sampled area of 111.75 km 2 ). Behavior, gender, age, color morph, molting, and natural marks were recorded (or at least taken into account), on every possible occasion, to avoid double counting. Two routes were surveyed each day, beginning, respectively, around 3 and 6 h after local sunrise and ending about 2 h (mean, 2.25 h; range, 2.02~2.47 h) later.
Statistical analyses
We performed analysis of variance (ANOVA/MANOVA) tests with permutations to compare the species richness and abundance of raptors detected on transects to evaluate differences among areas and between survey methods. This method uses a sum-of-squares test (Qb) based on the dissimilarity between groups, including a test of multiple contrasts (Pillar and Orlóci 1996) . Before the analysis, species richness was rarefied by the number of individuals recorded (performed using the PAST statistical package; Hammer et al. 2001) , and the abundance recorded on each transect (ordinary abundance being the number of contacts per transect) was standardized to the sampled area and survey effort (standardized abundance = individuals · [10 km
), with area indicating the sampled area and time indicating the survey effort. We created a matrix of Euclidian distances to species richness and a matrix of chord distances to the abundance as dissimilarity matrixes and ran 9,999 random permutations to calculate the sum of squares and probability p (Qb 0 ≥ Qb A ). The probability p is a proportion of the sum of squares calculated in each iteration (Qb 0 ) that is greater than or equal to the sum of squares calculated for the sample (Qb A ). We found differences in raptor abundances among areas (p ≤ 0.05), so the test between methods was performed as a block design, with permutations restricted to each sample. Analyses were performed using the MULTIV software (Pillar 2006) . Data are presented as the mean ± standard deviation.
Results and discussion
Results
In total, 1,890 observations of raptors (118.13 individuals (ind.)/transect) of 18 species were recorded during the surveys (Table 1) . Species richness was similar for the altitudinal grasslands (16 species) and coastal plain (14 species) (p = 0.26); it also did not differ between survey methods (p = 0.25; Table 1 ). Seventeen species were recorded during roadside point transect surveys, five of which were only recorded with this method. During the roadside strip transect surveys, 13 species were recorded, all but one of which were also recorded during roadside point transect surveys (Table 1 ). The Lesser Yellow-headed Vulture and Snail Kite were recorded only on the coastal plain, whereas the King Vulture, Crowned Eagle, Black-chested Buzzard-eagle, and Shorttailed Hawk were recorded only on altitudinal grasslands (Table 1) .
There was a higher abundance of raptors on the altitudinal grasslands (299.25 ± 48.91 ind./transect) than on the coastal plain (86.63 ± 44.04 ind./transect) (p < 0.001). The Black Vulture was the most abundant species, accounting for 42.2% of raptors recorded. Its abundance was sixfold higher in altitudinal grasslands than in the coastal plain; however, altitudinal grasslands still had greater abundance if Black Vultures were removed from the analysis (p < 0.001). In addition to the Black Vulture, the most abundant species on altitudinal grasslands were caracaras (Caracara plancus, Milvago spp.), the American Kestrel, and Turkey Vulture (Table 1) . On the coastal plain, the Southern Caracara, Savanna, American Kestrel, and Snail Kite were the dominant species (Table 1) .
The abundance recorded with the roadside point transect method ) (p = 0.05) ( Table 1 ). All species showed higher abundances when surveyed by roadside point transects than roadside strip transects (Table 1) . Results for the ordinary abundance (number of individuals/transect) were similar in both cases. All but four species (Roadside Hawk, Short-tailed Hawk, Yellowheaded Caracara, and American Kestrel) had higher ordinary abundances recorded on roadside point transects (Table 1) .
Discussion
Richness and abundance of raptors
The coastal plain and altitudinal grasslands supported quite different raptor assemblages. Although the regions exhibited similar richness values, most species were more abundant on the altitudinal grasslands. Relief, habitat availability, anthropogenic occupation, and the level of disturbance differ between these regions, and species-habitat relationships could explain differences in assemblage compositions ). On altitudinal grasslands, patches of natural grassland are surrounded by forest remnants, resulting in a mosaic-like landscape. Hence, the assemblage included both forest raptors and large grassland raptors (Petersen et al. 2011; . Half of the species recorded only on the altitudinal grasslands, the King Vulture and Short-tailed Hawk, are typically associated with forests, while the other two, the Crowned Eagle and Black-chested Buzzard-eagle, are characterized as open-woodland and grassland species (Ferguson-Lees and Christie 2001) . In contrast, raptors related to wet habitats (e.g., marshes, swamps, and rice fields) were more common on the coastal plain (Albuquerque et al. 1986; . For example, the Lesser Yellow-headed Vulture and Snail Kite inhabit wet savannahs, marshes, and rice fields (Belton 1984; Ferguson-Lees and Christie 2001) . These two species were only recorded on the coastal plain.
The assemblage on the coastal plain was characterized by species associated with wet habitats and that are also tolerant of human disturbance. The most abundant species, the Black Vulture and Southern Caracara, are both regularly found in urban and agricultural areas (FergusonLees and Christie 2001; Alencar-Carvalho and Marini 2007) , although the latter is also found in natural grasslands (Filloy and Bellocq 2007; Pedrana et al. 2008) . The American Kestrel and Roadside Hawk are abundant in Rio Grande do Sul (Belton 1984) . They are food and habitat generalists (Ferguson-Lees and Christie 2001) , show a high tolerance to human disturbance, and are even found inside big cities (Belton 1984; Scherer et al. 2005) . The Snail Kite and Savanna Hawk are common in coastal areas of southern Brazil and Uruguay (Belton 1984; Albuquerque et al. 1986; Arballo and Cravino 1999; . These species were abundant on the coastal plain, surely favored due to the availability of marshes and rice fields in the region. The Long-winged Harrier had a similar pattern of distribution, being more abundant on the coastal plain than on altitudinal grasslands, agreeing with Albuquerque et al. (1986) who found high abundances further to the south. The occurrence of Long-winged Harriers was positively associated with marshes (Pedrana et al. 2008 ), a common habitat type on the coastal plain, but a habitat type less frequently encountered in altitudinal grasslands (F Zilio personal observation). The assemblage on altitudinal grasslands was similar to that found by Petersen et al. (2011) . Black Vultures, caracaras, and American Kestrels were the most abundant species, while the Accipitridae (hawks, harriers, kites, and eagles) showed lower abundances. The dominance of one or two vulture species, and the Southern and Chimango caracaras, is a common pattern of abundance in many raptor assemblages in the grasslands of southern South America (Donázar et al. 1993; Bellati 2000; Carrete et al. 2009 ). The Accipitridae is usually not abundant, with a couple of profuse, generalist species along with some uncommon or rare ones.
Altitudinal grasslands are important for the conservation of raptors. Three of the species recorded only in this region, the King Vulture, Black-chested Buzzardeagle, and Crowned Eagle, are threatened in the Rio Grande do Sul (Marques et al. 2002) , whereas the last is globally endangered (IUCN 2012) . Apparently, the King Vulture has two separate populations in Rio Grande do Sul (Bencke et al. 2003) . One is restricted to large forest remnants found on the northeastern plateau (Campos de Cima da Serra and Serra Geral), while the other is in Turvo State Park located in the northwestern part of the state (Bencke et al. 2003) . The Black-chested Buzzardeagle is uncommon, although largely dispersed, in Rio Grande do Sul (Bencke et al. 2003) . Most records of this species in the state are from western and southwestern regions, where it is more common, and on the northeastern plateau (Bencke et al. 2003; . The Crowned Eagle has only been recorded on the northeastern plateau in the Rio Grande do Sul (Bencke et al. 2003) . 
Roadside transect methods
Roadside transect methods are the most commonly employed techniques for surveying raptors in open grasslands around the world (Albuquerque et al. 1986; Ellis et al. 1990; Donázar et al. 1993; Lederle et al. 2000; Boano and Toffoli 2002; Jensen et al. 2005; Thiollay 2006 ). Our results support the efficacy of such methods to gather data on raptor abundances and distributions. A substantial proportion of the expected richness was recorded, 73% for altitudinal grasslands and 87% for the coastal plain (based on Albuquerque et al. 1986; Belton 1984; Teixeira and Teixeira 2008; Petersen et al. 2011) . The difference in the proportions recorded is probably due to the number of forest raptors in the altitudinal grasslands (e.g., Spizaetus spp. and Accipiter spp.), which are more difficult to detect than grassland species.
Our results suggest that roadside point transects are better than roadside strip transects, at least for evaluating the abundance of raptors. Compared to Petersen et al. (2011) , who surveyed one of the same routes (RS020 between São Francisco de Paula and Cambará do Sul, Route T3 in Figure 1 ), we found a similar richness (16 vs. 13). It was an expected result given that our analyses showed no significant differences between the two methods when assessing richness. However, during roadside point transects, we recorded about twice as many raptors (434 observations) as Petersen et al. (2011; 243 observations) . Despite recording almost the same number of raptors (230 observations) as Petersen et al. (2011) during roadside strip transects, the conversion of the abundance to the number of observations per kilometer generated a large difference (2.09 ind./km vs. 0.12 ind./km). Unfortunately, such results are difficult to interpret because Petersen et al. (2011) provided no information on car speed, transect width, time of day, or weather conditions, features that could have biased the results (Fuller and Mosher 1987) .
The efficiency of roadside point transects for estimating abundance could be related to better stationary scanning of the sample area for raptors rather than observers constantly moving along the route. The time spent scanning each unit of area (e.g., a hectare) in roadside strip transects tends to be shorter than when conducting roadside point transects, reducing the probability of detecting inconspicuous raptors. However, roadside point transects tend to increase the probability of individual detection, particularly of raptors perched in less exposed sites (e.g., in a tree with dense foliage, on a fence, or on the ground), where the sighting of raptors might be more difficult (Diesel 1984) . Increasing the duration of the survey may compensate for differences in the probability of detection among species with different foraging behaviors. Most species, both those that usually soar and have active flight-foraging behaviors (e.g., vultures and the Black-chested Buzzard-eagle) and those that forage on the ground or from a perch (e.g., Savanna Hawk and Southern Caracara), were more abundant in the roadside point transects than strip transects, suggesting that the former is less sensitive to species behavior.
Roadside point transects may be better for detecting rare and uncommon species, such as the Lesser Yellowheaded Vulture, Aplomado Falcon, King Vulture, Crowned Eagle, and Black-chested Buzzard-eagle, which are uncommon, or even threatened (the latter three), in Rio Grande do Sul (Belton 1984; Marques et al. 2002) ; these species were only recorded using the roadside point transect method. For example, the Black-chested Buzzardeagle, a large soaring species, was recorded six times, and it was neither recorded during roadside strip transects nor by Petersen et al. (2011) , supporting our hypothesis that roadside point transects are better than roadside strip transects. In addition, the differences we found between methods were barely supported by statistical significance, and further efforts to compare these methods are needed before claiming superiority of one over the other.
The choice of method must take into account factors such as the budget, time, staff availability, study area, certainly the hypothesis to be evaluated, and the goals of the study. Some advantages and disadvantages of roadside point counts and roadside strip transects are outlined:
1. Habitat effects. Habitat availability can affect distributions of species along roads (Austin et al. 2000; Meunier et al. 2000) ; hence, roadside surveys could bias estimations of population sizes and complicate assessments of species compositions (Hanowsky and Niemi 1995; Keller and Fuller 1995) . An advantage of roadside point transects is that locations of point counts can be selected along roads according to habitat availability or restricted to specific selected habitats (e.g., marshes or crop fields), while roadside strip transect surveys encompass all habitats along a route. Surveying each habitat proportionally to its availability could reduce bias due to differences in the probability of detection of distinct habitat types (Millsap and LeFranc 1988) or due to habitat preferences of individual species (Hanowsky and Niemi 1995; Keller and Fuller 1995) . 2. Time and length of the survey. The time of day may bias raptor roadside surveys. Species activities supposedly change through the day, as reflected in species detectability. Hence, surveys could underestimate species abundances and richness depending on the time of day that the survey is conducted (Bunn et al. 1995; Vergara 2010) . Roadside point transects take longer than roadside strip transects. Carrying out roadside point transect surveys that take nearly the entire day could bias abundance estimates of species that change activities during the day. In contrast, roadside strip transects can be conducted only during specific periods of the day, when raptors are expected to be more readily detectable (e.g., in late mornings when thermals and updrafts enable soaring flight; Fuller and Mosher 1987; Vergara 2010) . However, changes in species abundance can be found even in a few hours; hence, the results from short roadside surveys (e.g., <2 h) may have a greater probability of being affected by the time of day (Vergara 2010) . Because raptors are less frequently detected when perched than flying in open habitats (Diesel 1984) , we think that it is more appropriate to use techniques that increase detection of perched raptors, as the roadside point transect method seems to do, rather than those focused on flying ones. This could minimize time-ofday biases in estimating abundances of species when they are less active (e.g., resting). 3. Double counting. As birds frequently move, the longer the duration of the point count, the higher the probability is of double counting a bird. This can be a problem with roadside point transect surveys because much more time is spent surveying the same location than in the case on roadside strip transects. However, a couple of simple rules can be applied to reduce the probability of double counting. First, a minimum number of individual birds can be used as an abundance index per sample point, which is the maximum number of birds recorded at once. Second, one can reduce the probability of double counting by plotting all records in a sketch.
Raptors are target species of several conservation programs (see examples at the Peregrine Fund website, www. peregrinefund.org). Many of these species that are globally threatened (IUCN 2012) have been used as flagship or umbrella species and are useful indicators of biodiversity (Sergio et al. 2006 (Sergio et al. , 2008 . Given their ecological importance, along with conservation issues, results from biased surveys may have undesirable consequences beyond the simple evaluation of raptor assemblages. Our data suggest that roadside point transects are better than roadside strip transects for recording abundances of raptors as well as rare and threatened species in open landscapes. However, studies that compare roadside point transects with other methods, especially roadside strip transects, in other open landscapes around the world are required to assess the generality of our findings. The effects of time of day, habitat features, and other aspects that could affect species detection also need further investigations to assess potential biases. Biased results have limited applications (Andersen 2007) . Given that many sources of bias from roadside surveys are difficult or even impossible to avoid, we recommend that the ones that can be controlled (e.g., the time of the survey, sampled area, and number of observers) be standardized to enhance comparability of survey results.
Conclusions
The raptor assemblages of the coastal plain and altitudinal grasslands are quite different. Despite these regions exhibiting similar species richness, they differed in species abundances. The regions differ in landscape features (e.g., relief and habitat availability) and the level of disturbance, and species-habitat relationships could explain differences in assemblage compositions. As regards the methods, despite the choice of survey method that depended on the objectives of the study, our results favor the use of point transects rather than strip transects to survey raptors in open landscapes. Roadside point transects may reduce bias due to differences in species detection caused by habitat features and in abundance estimates resulting from survey habitat being disproportional to their availability. Point counts may enhance the quality of the search for raptors in a surveyed area, increasing the detection probability. However, studies that compare roadside point transects with other methods, in other open landscapes around the world, are required to assess the generality of our findings.
